Caspase-8 is a key initiator of death receptor-induced apoptosis. Here we report a novel short isoform of caspase-8 (caspase-8s), which encodes the first (Death Effector Domain) DED and part of the second DED, missing the C-terminal caspase domain. In vivo binding assays showed that transfected caspase-8s bound to (Fas-associated death domain protein) FADD, the adaptor protein in (death-induced signal complex) DISC. To investigate the potential effects of caspase-8s on cell apoptosis, Jurkat cells were stably transfected with caspase-8s. Overexpression of caspase-8s increased sensitivity to the apoptotic stimuli, Fas-agonistic antibody CH11. These results suggest that caspase-8s may act as a promoter of apoptosis through binding to FADD and is involved in the regulation of apoptosis. In addition, the results also indicate that the first DED was an important structure mediating combination between caspase-8 and FADD.
Introduction
Apoptosis, or programmed cell death, is orchestrated by a family of proteases known as caspases that cleave their substrates after specific aspartic acid residues [1] . Caspases, including initiator caspases and effector caspases, are synthesized as catalytically inactive precursor proteins that become activated in response to specific death stimuli. The activation of initiator caspases such as caspase-8, -10, and -9 usually requires the assembly of the multicomponent complex DISC or apoptosome [2] . The processes have been described as two major pathways: extrinsic and intrinsic pathway. In the extrinsic pathway, apoptosis is mediated primarily by tumor necrosis factor (TNF) 1 family death receptors (DRs) such as CD95 or TRAIL receptors. Upon activation of the DR, the adaptor molecule FADD/Mort-1 is recruited to the receptors through its C-terminal death domain motif while it binds through its N-terminal DED to the two DED repeats in the N-terminal of caspase-8, forming DISC [3] [4] [5] , and the resultant DISC will trigger the activation of procaspase-8. The functional caspase-8 protease is then released into the cytosol, where it cleaves a number of cellular substrates such as effector caspases (caspase-3, -6, -7) initiating a caspase cascade and the subsequent apoptotic events. The active caspase-8 also mediates the proteolytic cleavage of Bid into tBid, which is translocated to mitochondria and amplifies the intrinsic apoptosis pathway. Therefore, caspase-8 plays a vital role in the propagation of enzymatic cascade that results in cell apoptosis [6] [7] [8] [9] .
To date, eight different isoforms, including Mcha1-3, Mchb1-4, and Mch5 (also designated as caspase-8/a-h) have been described at the mRNA level [10] . In this study, we found a new caspase-8 isoform in acute leukemia (AL) and normal BMMNCs (bone marrow mononuclear cells), which encodes the first DED and part of the second DED, missing the C-terminal catalysis domain. Functional analysis indicated that the new isoform could bind to FADD and promote the apoptosis stimulated by Fas-agonistic antibody CH11 when stable transfected in Jurkat cells. In the caspase-8-induced apoptosis pathway, the interaction between caspase-8 and FADD is necessary for the formation of the DISC. But there is a controversy about the functions of the two DEDs 2 Journal of Biomedicine and Biotechnology of caspase-8 in the interaction between caspase-8 and FADD. The novel caspase-8s isoform we obtained only carries the first DED and a small part of the second DED, but it still can interact with FADD, indicating that the first but not the second DED represents a crucial element in interaction between caspase-8 and FADD, and that the second DED is not a necessary domain for caspase-8 to bind to FADD.
Materials and Methods

Acute Leukemia and Normal Samples.
Bone marrow samples were obtained from patients with AL enrolled in the Institute of Hematology and Blood Disease Hospital, Chinese Academy of Medical Sciences. As control, bone marrow samples were obtained from healthy donors for hematopoietic stem cell transplantation as well. All samples were collected under informed consent of the subjects. BMMNCs were prepared by density gradient centrifugation over Ficoll solution (Invitrogen, USA) following the instructions of the manufacturer.
Cell Culture and Reagents.
Human embryonic kidney 293T cells were cultured in Dulbecco modified Eagle medium (Life Technologies, USA). Human T-cell leukemia Jurkat cells were cultured in 1640 medium supplemented with 10% fetal calf serum at 37
• C in a humidified environment of 5% CO 2 . Anti-Fas (human, activating), clone CH11 (Upstate, CA), was used as apoptosis inducer.
RT-PCR Assays.
Total RNA was extracted from 1 × 10 6 cells using Trizol (Invitrogen, USA) according to manufacturer's protocol. RNA concentration was determined by spectrophotometry at 260 nm/280 nm. OD260/OD280 = 1.8-2.0 was taken as the range of pure RNA. cDNA was synthesized from 2 μg RNA with Moloney murine leukemia virus reverse transcriptase (MMLV, Promega, USA) following the procedure provided by the manufacturer. PCR was performed to investigate the expression of caspase-8 mRNA with the primers: sense primer 5 -AATGTT-GGAGGAAAGCAATC-3 and antisense primer 5 -CAT-AGTCGTTGATTATCTTCAGC-3 . PCR was carried out using Taq polymerase (Takara, Japan) and conducted as follows: 95
• C 5 minutes, 35 cycles of 95 • C 30 seconds, 55
• C 30 seconds, 72
• C 45 sec, and 72
• C 8 minutes. Primers spanning the whole CDS of caspase-8 transcript are: sense primer 5 -CGGGATCCGCCATGGACTTCAGCAGAAATC-3 and antisense primer 5 -TCCCCCGGGCACCATCAATCAGAA-GGG-3 . PCR was conducted as follows: 95
• C 5 minutes, 35 cycles of 95
• C 30 seconds, 55
• C 1 minute, 72
• C 1 minute, and 72
• C 8 minutes. The whole CDS region of FADD (GenBank accession no.NM 003824) was amplified with the sense primer 5 -GAATTCGACCCGTTCCTGGTGCT-3 and antisense primer 5 -CTCGAGAGTGCTGGGCTACCTTCC-3 under the following conditions: 95
• C 45 seconds, 55
• C 45 seconds, 72
• C 50 seconds, and 72
• C 8 minutes. The PCR products of the CDS of caspase-8, caspase-8s and FADD were cloned into the pMD18-T vector (Takara, Japan) and sequenced by ABI PRISM 377-96 genetic analyzer (Applied Biosystems, USA). The resulting plasmids were named pMD18-T-casp-8, pMD18-T-casp-8s and pMD18-T-FADD, respectively.
Western Blot Assays.
Cell pellets were lysed in lysis buffer (50 mM KCl, 2 mM MgCl 2 , 1 mM EDTA, 5 mM DTT, 25 mM Tris (PH 7.5), 1 μg/mL leupeptin, 10 μg/mL aprotinin, and 1 mM phenylmethylsulfonyl fluoride) on ice for 30 minutes and centrifuged for 5 min at 20,000 g at 4
• C. Protein concentration of the supernatant was determined using BCA protein assay reagents (Pierce, USA). The equal amounts of protein (50 μg) were separated by 10% sodium dodecylsulfate-polyacrylamide gel electrophoresis (SDS-PAGE), electroblotted on nitrocellulose membranes, and immunostained with rabbit antiprocaspase-8 (C7849, Sigma) followed by horseradish peroxidase-conjugated antirabbit secondary antibodies (Jackson ImmunoResearch Laboratoriesm Inc, USA). Finally, the proteins were detected using enhanced chemiluminescence (Pierce, USA) according to the manufacturer's instructions.
In Vivo Protein Binding
Assays. The pMD18-T-casp-8 and pMD18-T-casp-8s were digested with restriction enzymes BamH I and EcoR I; the products containing only the two DEDs of caspase-8 and caspase-8s were then cloned into the pcDNA 3.1 to construct the expression vectors pcDNA3.1-casp-8-2DED and pcDNA3.1-casp-8s-2DED. The pMD18-T-FADD was digested with EcoR I and Xho I to construct pcDNA3.0-FADD. 293T cells were transiently transfected using calcium phosphate precipitation method and harvested after 48 hours, and then the cells were lysed and cleared by centrifugation. Rabbit anti-FADD (H-181 sc-5559, Santa Cruz) was added to the supernatant, and the cell lysate/antibody mixture was incubated overnight at 4 • C on a rotator, then protein A or G agarose bead was added to the immunocomplex and incubated for another 1 h on a rotator, the immunoprecipitate was collected by centrifugation for 5 minutes at 20,000 g at 4 • C, the supernatant was discarded, and the beads were washed for 4 times with ice-cold PBS and resuspended in SDS-PAGE sample buffer and mixed gently and boiled for 5 minutes. Then western blot was performed with antiprocaspase-8 as described above.
HIV-Based Lentivector Expression Vector Construction and Stable Transfection.
A fragment encoding caspase-8s protein was amplified by PCR from pMD18-T-casp-8s vector. The sequences of the primers were devised as follows: forward 5 CCGGAATTCCGGATGGACTTCAGCAGAAAT-C3 , and reverse 5 CGCGGATCCGCGATCTTCAGCAGG-CTCTTG3 . The 414 bp PCR product was inserted into pCDH1-MCS1-EF1-copGFP (SBI, USA), which was an HIVbased lentivector expression vector. A positive recombinant was identified by utilizing EcoR I/BamH I double digestion and direct sequencing. This construct and the other three packing plasmid mixture pPACKH1-GAG, pPACKH1-REV and, pVSV-G were transfected into 2.5 × 10 5 293T cells in six-well plate using calcium phosphate precipitation method. Viral supernatant was harvested after 48 hours and added to the 2 × 10 5 Jurkat cells at different dosages in 24-well plates. At 6 hours after infection, the culture medium was changed and followed by incubation at 37
• C for 48 hours. As a control, a parallel vector without an insert was also performed. Both fluorescent microscopy and flow cytometric analysis of GFP were used to monitor lentivector infection of Jurkat cells. Individual clones with GFP expression were isolated by limited dilution, and stable cell lines containing pCDH1 empty vector and pCDH1-caspase-8s were established. Caspase-8s expression was confirmed by Western blot analyses. • C for 2 hours. DNA was extracted by phenol and ethanol precipitation. After measuring the DNA concentration, an equal amount of DNA was examined on a 2% agarose gel stained with ethidium bromide (EB).
Assessment of Cell Apoptosis and
MTT assay was performed as previously described [11] . Briefly, 2 × 10 5 cells were plated in each well of 96-well microtiter plates with 100 μL of fresh medium containing CH11 in various concentrations. After 24 h of further incubation, 20 μL of MTT solution (2.5 mg/mL) was added to each well and the cells were further incubated for 4 h. The medium was then removed and the formed formazan crystals were dissolved in 150 μL of dimethyl sulfoxide (Sigma, USA). The plates were placed on a plate shaker for 10 min and the absorbance of the resulting solution was immediately measured at 546 nm using a microplate reader (SLT-Lab, Salzburg, Austria). Inhibition ratio was calculated with the formula: inhibitory rate = (1 − T/C) × 100% where T is the absorbance rate of treatment group with CH11 and C is the absorbance rate of control group. These experiments were repeated three times.
Assessment of Mitochondrial Membrane Potential.
Mitochondrial membrane potential was measured using DiOC6/PI test. 5 × 10 5 cells were washed in PBS and incubated at 37
• C for 30 min with 40 nM 3,3 dihexyloxacarbocyanine (DiOC6, Sigma aldrich) in combination with 5 mg/mL propidium iodide (PI, Sigma). The fluorescence was measured by flow cytometry. 
Detection of Fas Expression by
Results and Discussion
Identification of a Novel Isoform of Caspase-8 (Caspase8s).
The human caspase-8 gene encodes an interleukin-1b converting enzyme-(ICE-) related cysteine protease. It was reported that the caspase-8 gene contains at least 11 exons on human chromosome band 2q33-34, a region where loss of heterogeneity (LOH) has been found in a number of tumors [13] . In a panel of human cancer and cell lines, mutations of caspase-8 gene have also been reported [14] [15] [16] [17] . Recent studies showed that the hypermethylation of the caspase-8 gene promoter region and subsequent lack of caspase-8 expression is related to some tumor cells [18] [19] [20] [21] . All these researches suggested that abnormalities of caspase-8 gene may be correlated with tumors. In our study, reverse transcriptase-polymerase chain reaction (RT-PCR) was performed to investigate the expression of caspase-8 mRNA in BMMNCs derived from AL patients. To our surprise, a shorter amplified product was visible in addition to the wild type product of caspase-8 ( Figure 1(a) ). By sequencing, a 106 bp deletion was identified compared to the released caspase-8 database (GenBank accession no.NM 033355). Subsequently, the entire CDS (coding sequence region) of this short caspase-8 transcript as well as the part of untranslated region (UTR) was amplified and sequenced, and no other mutations were found in addition to the 106 bp deletion. The new caspase-8 transcript was also expressed in BMMNCs from healthy individuals and was named as caspase-8s (caspase-8 short form, GenBank accession no. EU670044). We next examined whether caspase-8s transcript is also expressed in cell lines. RT-PCR detected transcripts representing caspase-8 as well as caspase-8s in most cell lines. RT-PCR also revealed that the ratio of caspase-8 to caspase8s varied in different cell lines, but the expression level of caspase-8 mRNA was higher than that of caspase-8s in all the cell lines (Figure 1(b) ).
Analyses of nucleotide and deduced amino acid sequences revealed that the 106 bp deletion resulted in a frameshift mutation carrying a stop codon and termination of the transcript in advance, with the predicted generation of a 108aa protein, as compared with the 479aa of caspase-8 (GenBank accession no.AAD24962). The molecular mass of the predicted protein was estimated to be 13 KD. The complementary DNA (cDNA) and protein sequences of which were shown in Figure 2 . By Western blot assays, we detected the caspase-8s protein product existed in some but not all leukemia samples. Some acute leukemia patient examples of the Western blots are shown in Figure 3 . For caspase-8, eight different isoforms, including Mcha1-3, Mchb1-4, and Mch5, have been described at the mRNA level [10] . Mcha1, Mcha2, and Mch5 are the three procaspase-8 isoforms, all of which possess a long N-terminal prodomain harboring two highly homologous DEDs, DED1 (1-75aa) and DED2 (99-176aa), followed by a C-terminal protease domain that can be divided into two subunits, p18 and p11. mRNA of these three procaspase-8 isoforms are expressed in a wide variety of tissues, with the highest expression in peripheral blood leukocytes, spleen, thymus, and liver but barely detectable expression in brain, testis, and skeletal muscle. But only two of them, Mcha1 and Mcha2, were detected at the protein level of all cell lines tested. Both isoforms were recruited and activated by the DISC with identical kinetics [22] . Other isoforms, Mcha3 that lacks DED, and Mchb1-4 that lacks catalytic domain, are supposed to modulate the activity of caspase-8. Caspase-8L is a recently reported novel isoform of caspase-8, which was generated by alternative splicing of intron 8, carrying a 136 bp insertion and frame shift of the transcript. The transcript misses the catalytic site of caspase-8 but retains the DEDs. Functional assays indicated that caspase-8L acted as an inhibitor of caspase-8 by interfering with the binding of caspase-8 to FADD and was involved in the regulation of Fas-mediated apoptosis [23] . Kisenge et al. [24] also confirmed the existence of a caspase-8 variant in some neuroblastoma cell lines, which was impaired in the first DED and showed moderate sensitivity to Fas-mediated cell death. In our study, the new caspase-8s isoform only carries the first DED (75 aa) and part of the second DED (7aa), which is not reported in the published literature.
Caspase-8s as well as Caspase-8 Binds to FADD.
In the caspase-8-induced apoptosis pathway, the interaction between caspase-8 and FADD is necessary for the formation of the DISC. To determine whether caspase-8s can bind to FADD through its incomplete DEDs and whether "two" intact tandemly repeated DEDs are necessary for interacting between caspase-8 and FADD, we performed in vivo binding and co-immunoprecipitation assays; the results demonstrated the specific binding of FADD to caspase8s as well as to caspase-8 ( Figure 4) . The apoptotic signal from ligand-induced oligomerization of death receptors is mediated by a complex of proteins containing specialized interaction domains. This complex consists of the death domain (DD), the caspase recruitment domain (CARD), and the DED. The DED was first described in the FADD/Mort1 protein and later shown to also occur in several other proteins [25] [26] [27] [28] [29] . Caspase-8 protein has two DEDs, which are essential for the binding between the caspase-8 prodomain and FADD by yeast two-hybrid experiments [4, 5] . Previous studies using deletion and chimeric mutants of caspase-8 DEDs demonstrated that the two domains are necessary for caspase-8 to function normally, and when one domain was deleted, function of the resulting mutant protein decreased to about half that of normal caspase-8 [30] . Liu et al. [17] reported a novel caspase-8 mutant with a naturally occurring deletion of leucine 62 in the first DED, which failed to interact with FADD and lost proapoptotic activity. Carrington et al. [31] identified a procaspase-specific binding surface on the DED of FADD, suggesting a preferential interaction with one, but not both, of the DEDs of procaspase-8 in a perpendicular arrangement. All these showed that there is a controversy about the functions of the two DEDs. The novel caspase-8s isoform we obtained only carries the first DED and a small part of the second DED, but it still can interact with FADD, indicating that the first but not the second DED represents a crucial element in interaction between caspase-8 and FADD, and that the second DED is not a necessary domain for caspase-8 to bind to FADD.
Overexpression of Caspase-8s Increased Sensitivity to
Apoptosis in Jurkat Cells. The ability of caspase-8s to integrate with FADD in vivo suggests that it might be involved in apoptosis pathway. To test this possibility, we stably transfected Jurkat cells with a lentivector expression vector construct encoding caspase-8s. The Jurkat cell line was chosen by two reasons: first, caspase-8s expression was detected to be lower than caspase-8 expression in this cell line; second, the cell line was sensitive to apoptosis stimuli such as anti-Fas antibody. Individual clones with green fluorescent protein (GFP) expression were isolated by limited dilution and successful expression of caspase-8s constructs was confirmed by Western blot analysis ( Figure 5 ). Western blot revealed that wild type Jurkat cells and pCDH-empty vector-Jurkat cell clone JP4 did not express caspase-8s protein and that the pCDH-caspase-8s-Jurkat cell clones JS2 and JS3 expressed caspase-8s protein, and that they all expressed endogenous caspase-8. To evaluate the effect of caspase-8s expression on FAS-induced apoptosis, the annexin V-PE/7-amino-actinomycin D (7-AAD) apoptosis detection kit was used; JS2 and JS3 cells displayed higher apoptosis rates when compared to wild type Jurkat and JP4 cells treated with serial dilutions of CH11 ( Figure 6 ). DNA fragment formation assay which is the characteristic for apoptosis also indicated DNA degradation of JS2 cells treated with CH11 comparing to wild type Jurkat cell, and JP4 cells ( Figure 7 ). In addition, the methyl thiazoleterazolium (MTT) assays showed that the mean growth inhibitory rate of CH11 for JS2 cells was higher than that of wild type Jurkat cells and JP4 cells. There was no significant difference between wild type Jurkat cells and JP4 cells (Figure 8 ). These data suggested that caspase8s itself might not exhibit proapoptotic activity; however, overexpressed caspase-8s promoted cell apoptosis and DNA fragmentation formation induced by death receptor agonists (anti-Fas antibodies). In fact, some other DED-containing proteins are found to regulate apoptotic signal pathways. c-FLIP and PEA-15 (phosphoprotein enriched in astrocytes 15-Kda) inhibit apoptosis by blocking recruitment of the caspases into aggregates [25, 32] . FADD, caspase-8d, and artificially constructed caspase-8 prodomains induce apoptosis when highly overexpressed [3] . The function of DED proteins in apoptosis has been extensively reviewed elsewhere [33] . In our study, caspase-8s might be involved in the progression of apoptosis pathway, but the definite mechanism still needs to be confirmed. In Fas signaling apoptosis, two pathways are involved, in which the activation of caspase-8 is different. In type I pathway, induction of apoptosis was accompanied by activation of large amounts of caspase-8 by DISC, whereas in type II pathway, DISC formation was strongly reduced and activation of caspase-8 and caspase-3 occurred following the loss of mitochondrial transmembrane potential; however, in type II but not type I pathway, overexpression of Bcl-2 or Bcl-xL blocked caspase-8 and caspase-3 activation as well as apoptosis [34, 35] . Gonzalvez et al. showed that cardiolipin is required for apoptosis in the type II mitochondria dependent response to Fas stimulation. Cardiolipin provides an anchor and activating platform for caspase-8 translocation to, and embedding in, the mitochondrial membrane, where it oligomerizes and is further activated [36] ; whether caspase-8s binds to mitochondria and induces apoptosis. Since Jurkat cells are of type II cells, to further explore the effect of caspase-8s expression on apoptosis pathway, DiOC6/PI test was used to monitor the mitochondrial membrane potential. CH11(50 ng/mL) induced a decrease of DiOC6 staining about 79% in caspase-8s-transfected Jurkat cells JS2, but the mitochondrial membrane potentials of empty vector-transfected Jurkat cells JP4 and wild-type Jurkat cells were not significantly influenced by CH11 ( Figure 9 ). This indicates that caspase-8s overexpression may induce apoptosis in mitochondria dependent way. In the study, to exclude the effect of lentiviral transduction of Jurkat cells on the expression of FAS antigen, RT-PCR and flow cytometry were performed to detect the expression of Fas mRNA and protein in empty vector or caspase-8s-transfected Jurkat cells and wild-type Jurkat cells. The results indicated that there was no statistically significant difference in Fas expression between wild Jurkat cells and lentiviral transfected Jurkat cells (Figures 10 and 11) . Balcaitis et al. [37] had examined the effect of lentiviral transduction of microglial cells on the expression of cell surface markers by flow cytometry including FAS antigen; no difference of Fas antigen expression was observed.
Conclusion
In conclusion, a novel isoform of caspase-8, named caspase8s, was identified in human leukemia patients and healthy individuals. The transcript encodes the first and part of the second stretches of DED but lacks the proteolytic domain. Caspase-8s promoted the apoptosis induced by anti-Fas antibodies. Caspase-8s may participate in the regulation of caspase cascade. In addition, we also found that the first DED was an important structure mediating combination between caspase-8 and FADD. In AL patients, imbalanced expression of caspase-8s is being studied in our laboratory. Further research is needed to elucidate the function of caspase-8s in apoptosis.
